and Nigrelh, Jakowska and Gordon (1950). More extensive study of additional specimens revealed that there were two kinds of pigmented tumours involved, first, a red tumour, a xantho-erythrophoroma of the head and, second, a black tumour, a melanoma of the body. In some of the hybrids, ceRs of the melanoma reached, penetrated and replaced the tissues of the red pigmented tumour. When joined, the two pigmented tumours produced an erythromelanoma. The purpose of this paper is to present a more detailed histological and cytological analysis of these pigmented tumours and to suggest a genetic interpretation of the developmental aspects of the problem.
number of Sp and Bt gene modifiers from the swordtail.
Some of these pigmented tum'ours were diagnosed as erythromelanomas in an earher report by Gordon (1950) and Nigrelh, Jakowska and Gordon (1950) . More extensive study of additional specimens revealed that there were two kinds of pigmented tumours involved, first, a red tumour, a xantho-erythrophoroma of the head and, second, a black tumour, a melanoma of the body. In some of the hybrids, ceRs of the melanoma reached, penetrated and replaced the tissues of the red pigmented tumour. When joined, the two pigmented tumours produced an erythromelanoma. The purpose of this paper is to present a more detailed histological and cytological analysis of these pigmented tumours and to suggest a genetic interpretation of the developmental aspects of the problem.
MATERIAL AND METHODS.
The genetic history of the strain of hybrid fishes that spontaneously developed red tumours was reported by Gordon (1950) , a summary of which is indicated in Fig. 1 .
Eight platyfish-swordtail hybrids with red or red-black tumours were found in a single brood in the flxst generation. Of these, 3 are described in this histological analysis. In the second generation 11 growths, but 7 representative specimens were chosen, fixed, sectioned and studied. The first generation hybrids so studied had the foRowing numbers : 206-1 1, 206-12 and 206-14. The second generation hybrids were and 243-13. The backeross offspring of a second generation hybrid mated to a swordtail was 286. Some of these fishes are illustrated in Fig. 34 Gordon and Smith (1938) and lievine (1948) (Fig. 3, 4) . In fixed and stained isolated scales from normal skin, the xanthoerythrophores show no dendrites. Their nuclei are spherical or oval ; they stain weakly and contain fine chromatin granules with two or more darker staining bodies (Fig. 5) .
Histologically, the simple xantho-erythrophoromas, as represented in Hybrids 243-12 and (Gordon, 1950) head (Fig. 6 ). The pigmented growths are well vascularized (Fig. 6, 7 ) and the epithelium is often thin or sloughed, probably as the result of pressure from the growing tumour. There is some prohferation into adjacent subcutaneous areas, the growing tissue breaking through hmiting membranes ( Fig. 8 ) and causing -extensive destruction of muscle and bone (Fig. 9) . The cellular elements of the xantho-erythrophoroma are dendritic, rounded -or sometimes fusiform in shape. These cefls, whatever their shape, are free of pigment as a result of the techniques employed. They are supported by a delicate vascular and connective tissue stroma (Fig. 6, 7, 8, 10, I 1 ). An occasional macromelanophore may be present, particularly around a blood vessel (Fig. 6) cellular elements of the xantho-erythrophoroma. Eventuany, the xantho-erythrophoroma ceRs degenerate and are more or less completely replaced by melanotic ceRs. The various stages in the development of the melanoma within the xantho-erythrophoroma can be demonstrated and traced in one of these fishes . The most anterior portion of the growth shows a histological picture similar to the pure xantho-erythrophoroma described above, with dendritic and rounded cells predominating (Fig. 19) . The cytoplasm of some of these xantho-erythrophores contains coarse granules which stain a brownish-grey with haematoxyhn-eosin and which, at first glance, may be mistaken for melanin bodies (Fig. 20) . With Giemsa's method, however, they take on a purplish colour, whereas the melanin granules are stained a blue-green. These purplish coloured granules are also not to be interpreted as inclusion bodies of the type usuaRy associated with virus infections.
The nuclei of the xantho-erythrophores in the advanced red tumours are similar in form and structure to those seen in the cells of the simple xantho-erythrophoroma. However, mitotic figures and binucleate cells (Fig. 21, 22) found more frequently in the invaded red tumour. In regions of degeneration, macrophages are common (Fig. 22, 23) , many of which, in haematoxylin-eosin preparations, are seen to be filled with yellowish, irregularly shaped refractive bodies (haemosiderin ? ) ; others are filled with brownish granules, which, in Giemsa's preparations, appear purphsh and which are somewhat similar to the cytoplasmic granules described above. The few macromelanophores present in this area ar'e usually associated with blood vessels (Fig. 19) .
In other regions of these invaded red tumours, the sub-epidermal macromelanophores grow inward (Fig. 24) , filhng the interstitial spa'ces. These highly dendritic cells surround the cells of the xantho-erythrophoroma (Fig. 24 to 27, 28 to 30), many of the latter showing,degenerative changes ( Fig. 28 to 30 ). Mitotic stages and binucleate cells, however, are frequently found (Fig. 26, 28 ). This region also shows a few melanin-bearing macrophages and comparativelv large numbers of macrophages without melanin.
In its posterior and ventral regions the invaded tumour exhibits characteristics of a melanoma (Fig. 31, 32 ). The growth in these regions is composed chiefly of melanotic ceRs, supported by a rich vascular and connective tissue stroma. Numerous macrophages with and without melanin, are also present (Fig. 33) nuclei, are found. The melanotic cells (melanoblast's) are smaller and less dendritic than the typical macromelanophores; they are usuany rounded, sometimes fusiform, varying from 10 to 40 tL at their widest dimensions. Although melanin granules of apparently similar size are present in all these cefls, the ceRs show differences in coloration, depending on the intensity and the aistribution of granules within the cytoplasm. In Feulgen preparations the melanin granules of these fish tumours retain their characteristic colour, thus differing from the Harding-Passey mouse melanoma in that the melanin granules of the latter are partiaRy bleached by this process.
Nuclear structure and division stages are observed in melanoma ceRs in which melanin granules are amber and more evenly distributed (Fig. 33) . As in typical melanomas of other platyfish-swordtail hybrids, these melanotic cens show invasive characteristics, with extensive destruction of adjacent muscle, bone, scales, sense organs, and in addition the tissues of the xantho-erythrophoroma.
DISCUSSION.
The abnormal growths described above were originaUy reported as mixed pigmented tumours and referred to as erythromelanomas. The present studies, however, show that two distinct tumours are involved : a xantho-erythrophoroma in the head region and a melanoma of the trunk and caudal peduncle. In some of the hybrids the more actively proliferating ceRs of the melanoma invade and replace the red pigmented tumours of the head, producing an erythromelanoma.
The red and yeRow pigment cell characteristic of the xantho-erythrophoroma was first described by Kosswig (1928) from normal fish as an erythro-xanthophore. According to Goodrich, Hill and Arrick (1941) Gordon (1948 Gordon ( , 1950 . The effect of the various genes for pigment cells upon the development of the red, the black and the red-black pigment cell tumours may now be suggested.
In the normal platyfish Gordon (1928) Masson's. X 1125. Nigrelli, Jakowska and Myron Gordon. Fig. 31 by mating a ruby-throated, spot-sided, stippleless platyfish and an albino swordtail (Fig. 34) . These are the hybrids in which melanomas, erythromelanomas, and xantho-erythrophoromas may develop. In the post-embryonic RtSp st hybrids the macromelanophores first appear in the caudal peduncle and then gradually spread, at least in part, by cell multiplication to the anterior regions (Gordon, 1950) .
The effects of the ruby-throated gene, Rt, are also quite striking. In the young of RtSp st platyfish-swordtail hybrids xantho-erythrophores developed in the opercular region. The bright red coloration is produced by the action of the Rt gene of the platyfish in association with Rt-modifying genes of the swordtail (Gordon, 1950) .
Thus in the early stages of development of the RtSp st platyfish-swordtail hybrids, the Rt gene and its modifiers influence the growth of red pigment cells in the anterior part of the body, while the Sp gene and its modifiers determine the growth of macromelanophores in the posterior regions.
As the RtSp st hybrids develop, the red pigment cells produce a xantho-erythrophoroma in the opercular area, involving the entire head in some individuals (Fig.  35) . At the same time the macromelanophores produce a state of melanosis in the caudal peduncle region. By a process of extension of atypical cell growthmainly in the corium and, to a lesser degree, in the subcutaneous tissues-the macromelanophores and the melanoblasts produce a melanoma and invade the anterior parts of the body. These two centres of atypical cell growth, the red and the black, eventually produce a number of results. In some hybrids the black tumour cells reach, penetrate, destroy and replace the red tumour cells and so produce an erythromelanoma (Fig. 36, 37) . In other hybrids the xanthoerythrophoroma of the head remains uninvaded because the macromelanophores do not reach the head region. In still other hybrids the macromelanophores apparently grow too rapidly and overrun the head region before the red pigment cells produce a red tumour in that area (Fig. 38) . This means that a state of general melanosis of the entire body may prevent the development of a xanthoerythrophoroma. Thus it may be seen that the genetic control of these tumours in hybrids, all of which carry the RtSp st genes, is not absolutely rigid (Fig. 39 ).
Other investigators have reported red and red-black tumours in platyfishswordtail hybrids not carrying RtSp st genes. For example, Kosswig (1929 Kosswig ( , 1931 reported an erythrophoroma in a platyfish-swordtail hybrid carrying the genes RSp and in one carrying DrSr. His symbol for DrSr was Mo. Ermin (1946) studied one of Kosswig's RSp tumorous hybrids, and this has been discussed elsewhere in this paper. Finally, Smith, Coates and Strong (1936) described an erythrophoroma in the dorsal fin of a Dr hybrid. In the course of his genetic studies Gordon (1950) found only one erythromelanoma in hundreds of red-bodied, black-spotted RSp hybrids, and one in a red-finned, stripe-sided DrSr hybrid. These rare instances are evidence that similar phenotypes may have different genetic constitutions.
In his discussion of the genetic origin of erythromelanomas, Gordon (1950) indicated that even though the genetic constitution of the parents of a platyfish-swordtail hybrid were known in terms of genes, conditions in the offspring could not be predicted with complete assurance unless the spacial relationship of those genes were also known. The minimu 'm requirement for the production of the erythromelanoma in platyfish-swordtail hybrids is the presence of the linked genes RtSp. Gordon (1950) 
